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SUMMARY 


The water sorption isotherms of 
dry soybeans at 30*C were deter-
wined with a vacuum sorption appa-
ratus. The apparent diffusivity of 
water was estimated from measure-
ments of the sorption rates and it 
wasfounid to increase significantly at 
higher moisture contents, Defatted 
soybeans sorbed more water and at a 
faster rate than full-fat beans. The 
sorption characteristics are important
in the processing, storage and use of 
dehydrated soybean products. 

INTRODUOTION 

Dry soybeans are a large volume 
crop which is utilized in the U. S. 
mainly for tim cxt:actior. uZ oil and 
the production of soybean meal. Con-
silorable interest has arisen during 
recent years in the utilization of soy-
beans in human nutrition because of 
their high protein content. Now prod-
ucts have been developed iuch as tex-
tured protein products, extruded meal 
and( soy milk. 

Most of the manufacturing pro-
ce.ses involve absorption of water by 
the dry soybeans which facilitates fur-
ther processing. The absorption of 
water and the conditions required for 
optimum hydration have not been in. 

vestigated in detail. Some empirieAl 
observations have been reported in the 
literature. Smith et al. (1001) ob-
served that the seed coat is an impor-
tant barrier to the absorption of water 
and that the absorption rate decreases 
at lower moisture contents. The phys-
ical and chemical structure of the soy-
beans has an important effect on the 

absorption of water. Sone "hard" 
beans absorb water very slowly and, 
since they are usually smaller in size,
they can be separated by volume either 
as dry beans or after absorption of 
water (Bourne, 1067). 
The storage conditions and time 

may have an important effect on the 
absorption of water by soybeans aiid 
other dry beans. Burr et al. (1068) 
found that the cooking time of several 
varieties of dry beans increased after 
extended storage at moisture contents 
higher than 10% an,! te!mperaturpg
higher than 50°?. Dry soybeans nor-
mally contain less than 10% moisture 
and], therefore, extended storage at 
ambient temperatures should not have 
any significant effect on their water-
absorpt;on capacity. 

A number of processes have been 
proposed in the last few years for the 
development of quick-cooking dry 

beans. The aim of these methods is to 
reduce the long cooking time which is 
needed for most beans. The suggested 
processes include precooking followed 
by air-drying (Steinkraus et al.,
1064), explosive puff-drying of par
tially hydrated beans (Adler, 1964)
and vacuum treatment in a solution 
of inorganic salts followed by air-

drying (Rockland et el.,1067). The 
last method was applied to several dry 
beans including soybeans. Mumstakas 
et al. (19064) developed an extrusion 
process at high temperature for pre
paring n, quick-cooking soybean flour. 

Very little work has been .'eported 
on the sorption of water vapor by dry 
beans or dehydrated bean products. 
Weston et al. (1054) nmeasured the 
equilibrium isotherms of seven vrie
ties of beans other than soybeans. 
They reported that variety had no 
effect on the moisture equilibria but 
it influenced the rate of sorption of 
water, 

The present study was intended to 
obtain fundamental data on the water 
sorption properties of dry soybeans. 
This information is needed for under. 
standing the mechanism of water ab
sorption and evaluating the storage 
and rehydration characteristics of dry 



soybean products 	 oratory apparatus to a moisture con- mined flrst, followed by the adsorp
tion isotherm. Finally the dry weighttent of 2%. 

Defatted soybean samples were pre- of the sample was determined byEXPERIMENTAL 
pared by extraction of the oil from vacuum-drying in the same apparatus

Commercial samples of two varieties a constant weight was 
of dry soybeans, Clark and 1Harasoy, 	 dehydrated thin slices with n-hexane. at 50C until 

used in this work con- reached. All determinations were made 
were used in this study. The soybeans 	 The soybeans 

oil and other hexane- in duplicate on two separate samples
contained 6 to 8% moisture and were 	 tained 20% 

and the average values are reported.materials. The defatted
stored at room temperature 6 to 12 extractable 

before they were used in the slices were vacuum-dried to remove allmonths RESULTS AND DISOUSSIONthe solvent before the water sorption
sorption experiments. Soybeans of 
normal size were used and the small- measurements were made. Sorption isotherms. Figure 1 shows 

sized beans of each sample were re- The moisture equilibria and the the equilibrium sorption isotherms of 

jected because of their slow absorp-	 sorption rates were measured in a Clark soybeans at 30C. The same 
MeBain vacuum sorption apparatus isotherms were obtained with thintion of water. The seed coats of about 

cotyledons and whole beans.5 g of soybeans were removed and the 	 similar to that described by Saravacos slices, 
were stored at (1967). The quartz spring extension 	 With thin slices, equilibrium wasseparated cotyledons 

75% Relative Humidity for one week. (3.3 mg/nin) was 	 measured with a reached in 12 to 24 hr, while cotyle
had an accuracy dons required 2 to 6 (lays. Whole soy-Two main types of experimental sam-	 cathetometer which 

reachpies were used, 1) the separated coty- of ±0.1 nm. All measurements were beans required 1 to 3 weeks to 

ledons and 2) thin slices of uniform made in vacuum (absolute pressure, equilibrium. A similar isotherm was 
0.1 mm I11g)and at a constant tern-	 obtained with freeze-dried whole Clarkthickness (1 mm) cut with u blade 

soybeans and equilibrium wns reachedfrom the middle of the moisture-	 perature of 300. The constant rela-
tive humidities were maintained with within 2 (lays. The presence of theequilibrated cotyledons. Additional ex-

seed coat did not have any effect onsaturated salt solutions.periments were performed with intact 
was deter- the equilibrium moistpure content.whole beans and freeze-dried whole Each sorption isotherm 

latter were prepared by mined on a sample of approximately No significant difference was noticedbeans. The 
The sample was between the sorption 	 isotherms of thehydrating dry whole soybeans in water 	 500 mg dry weight. 

at room temperature and vacuum 	 first equilibrated at 75% R. H. and two varieties of soybeans. Figure 2 
isotherm was deter- shows the isotherms of normal and de-freeze-drying in a eonventional lab-	 the desorption 

3c / ' I ' I ' I ' I , 	 T: ' i°" ' 3030 

o ADSORPTION 

U) .	 ) DESORPTION
4 	 4 

.o ADIRPTION--	 3

20- Q DESORPTION 	 20 

WJ 	 W MATTEDI-	 I

U 	 8 
mr FUI.L FAT 

8
 

4 -	 4

o 0 20 	 40 60 00 100 

80 a00 0 4060 00 
% RELATIVE HUMIDITY % RELATIVE HUMIDITY 

at Fig. 2. Equilibrium sorption isotherms of full-fat and do.
Fig. 1. Equilibrium sorption isotherms of Clark soybeans 

fatted Harasoy soybeans at 8000.8000. 
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fatted Harasoy soybeans. Defatted , tors. In the experimental arrangement 
soybeans sorbed higher amounts of used in our work, external transfer of 
water over the entire relative humidity - ___ vapor to or front the sample_ ___water 

span. The removal of oil and other " -UATT90 surfaea was very fast because of the 
hydrophobic materials increases the "i high vacuum in the apparatus. 
percentage of protein and polysaceba- . In full-fat soybeans, the rate limit-
rides which have a higher sorption ; FU. fAT ing factor was internal mars transfer 
capacity. The percent increase in sorp- " because of the low porosity of the ma
tion capacity is greater than the per- . terial. Increasing the moisture con-
cent of fat removed (20%, which sug- 0 tent expanded the volume of the sam
gests that polar water-holding sites pie and diffusion was accelerated. In 
may be uncovered during defatting. Z defatted soybeans, the high apparent 
At the same time, the extraction of diffusivity of water and its indepen. 
oil increases significantly the rates of dence from the noisture content sug
sorption, as discussed later in this gest that external heat transfer was 

the rate controlling factor.paper. 
in ,~ In applying the sorption data ofThe sorption isotherms shown 

Figures I and 2 form definite hyster- to 40 6 so o4 this report to soybean products, it 

esis loops below 60% R. H., i.e. the % RELATIVE HUMIDITY must be recognized that while pressure 
desorption isotherm lies above the ad- has no effect on the moisture equilib
sorption isotherm in this region o Fig. 3. Apparent diffusivities of ria, the sorption rates may be affected 

swater vapor in Harasoy soybeans at adversely at atmospheric pressure, 
water activity. The phenomenon of 80*0 (air pressure, 0.1 mm Hg). 

has been found in several particularly in porous products. It ishysteresis 
also obvious that further studies offoods and it may be caused by the 
the sorption characteristics of specialphysical structure of the polymeric 


food materials (Labuza, 1968). diffusio-like mechanism (Fan et al.,needed.
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